To determine the contribution of independent variables to the dependant variable of loss of primary functional patency, a multivariable analysis using logistic regression was performed.
A significant challenge for physicians and other healthcare professionals who care for patients with chronic renal failure is the preservation of vascular access for hemodialysis. Vascular access failure, particularly loss of primary functional patency of a surgically created access, is a cause of considerable morbidity, discomfort, inconvenience, and cost. Approximately 20% to 30% of all hospital admissions for patients with ESRD are related to complications of vascular access (1) (2) (3) (4) . To decrease the incidence of loss of primary functional patency, the National Kidney Foundation Kidney Disease Outcomes Quality Initiative guidelines recommend that all vascular accesses undergo regular surveillance by measurement of the intra-access blood flow (IABF) to identify hemodynamically significant dysfunction (5) . Although following these guidelines leads to the identification of access dysfunction in arteriovenous fistulas (AVFs) and grafts, there remains considerable room for improvement. For example, identification of major risk factors for problems with access patency might allow redirection of surveillance effort away from patients with few risk factors toward those with more risk factors. The main objective of this study was to explore the association between loss of primary functional patency within 6 months of first use and demographic and clinical characteristics in patients with AVFs receiving chronic renal replacement therapy.
Materials and Methods

Subjects
This was a retrospective cohort of patients in southern Alberta, Canada, receiving chronic renal replacement therapy with an AVF created for dialysis. Patients were followed by the Southern Alberta Renal Program (SARP), which manages between 600 and 700 hemodialysis patients per year and has incorporated a multidisciplinary approach to access management since January 2002. A vascular access coordinator, nephrologist, interventional radiologist, and vascular access surgeon staff the program. This study included all chronic hemodialysis patients who met the following inclusion criteria: (1) were 18 years of age or older, (2) received hemodialysis at any of the SARP facilities between January 2005 and June 2008, (3) had a mature AVF created by a SARP-affiliated vascular access surgeon, and (4) had a successful first cannulation of the access with adequate dialysis achieved. Patients were excluded if (1) they were receiving peritoneal dialysis, (2) a central line was used as the method of vascular access, (3) the vascular access was in a location other than the upper extremity, (4) an intervention was performed to achieve maturation, or (5) first cannulation but adequate dialysis was not achieved.
The study was approved by the University of Calgary Conjoint Health Research Ethics Board. Because the study involved analysis of data already collected and the data had individual identifying information removed, the ethics board waived the need for individual patient consent.
Variables
The SARP and Southern Alberta Transplant Program (ALTRA) databases were reviewed to obtain demographic, clinical, and vascular access data. Demographic data included age at the time that the surgical procedure was performed, gender, and race. Clinical data included the etiology of renal insufficiency (e.g., diabetes, GN, ischemia/hypertension, interstitial nephritis, polycystic kidney disease, or unknown/ other) and specific comorbidities such as diabetes, hypertension, peripheral vascular disease, history of smoking (currently smoking or self-classified as a regular smoker within the past 5 years) and use of medications (aspirin, anticoagulants, angiotensin-converting enzyme inhibitor). Vascular access data included the side of the surgery (right or left), anatomic location (forearm or upper arm fistula), and the surgeon of record. The surgeon of record was made anonymous before data extraction from the database.
The primary outcome of interest was loss of primary functional patency (6) defined as thrombosis of the graft (including abandonment of the access site) or the need for surgical or percutaneous endovascular intervention, whichever came first after initial cannulation and achievement of adequate dialysis and that occurred within 6 months after first use.
Successful Cannulation and Initial IABF Measurement
The decision for first use of a vascular access was determined by agreement between the vascular access nephrologist and vascular access coordinator using a standardized ultrasound assessment. The assessment determined a minimum graft diameter of 0.5 cm and a minimum depth below the skin of 0.5 cm. Successful cannulation was defined as affording an extracorporeal blood flow of at least 300 ml/ min for at least 3 hours using arterial and venous needles placed in the vascular access. This variable was measured in days from surgery to the time of first cannulation. All patients had an initial IABF measurement performed within 2 weeks after initial cannulation and successful use of the access for hemodialysis. All vascular access blood flow measurements were performed in a standardized fashion using the ultrasound dilution technique (HD01 Monitor, Transonic Systems, Inc., Ithaca, NY). This technique has been extensively validated in vivo and in vitro (7) . All access flow measurements were done within the first hour of the hemodialysis treatment because these results are reproducible and unaffected by changes in cardiac output associated with ultrafiltration. Blood flow measurements were not performed during periods of clinically significant hypotension (at the discretion of the dialysis unit nurses). All access blood flow measurements were performed in duplicate and subsequently averaged. If a measurement differed by Ͼ10%, a third measurement was taken and the average of the measurements was calculated.
Statistical Analyses
Demographic and clinical variables and initial IABF were compared between those with and without loss of primary functional patency using a two-sample t test for continuous variables and 2 test for discrete variables. The relative risk (RR) of loss of primary functional patency was calculated. To determine the potential contribution of independent variables to the dependant variable of loss of primary functional patency, a multivariable analysis using logistic regression was performed. In our model, we considered all plausible two-way interactions. On the basis of previous research, a priori, age was stratified as Յ65 years and Ͼ65 years (8 -10) and initial IABF was stratified as Յ500 ml/min and Ͼ500 ml/min for the RR and multivariate analyses. All statistical analyses were performed using Stata 9.0 (Stata Corp, College Station, TX).
Results
Patient Characteristics
During the 42-month study period from January 2005 to June 2008, a total of 831 AVF procedures were performed at the Foothills Hospital in Calgary. All patients included in the study were on renal replacement therapy at the time of the first access cannulation. Table 1 describes characteristics of the patient sample. Most patients had brachiocephalic fistulas in the upper arm. The usual practice is to attempt a forearm location first and then an upper arm location if the forearm was unsuccessful (surgical construction was not successful at the time of operation or first cannulation did not occur). No brachiobasilic fistulas were placed during the study time. The most common underlying disease causing renal insufficiency was diabetes, which was present in 44% of the patients. Other causes included hypertensive nephropathy (14%), GN (12%), interstitial nephritis (4%), and polycystic kidney disease (4%). In 22% of the patients, no definite etiological factor was identified (Table 1) .
Primary Functional Patency Failure of the AVF
There was a mean (ϮSD) duration of 70 Ϯ 10 days between access creation and first cannulation. From the IABF monitoring, 210 patients were sent for angiography. Loss of primary functional patency of the AVF occurred in 81 (10%) of total cases. The median time from first cannulation to loss of primary functional patency was 48 days (interquartile range 12 to 95). Sixty-six of these patients (81%) had thrombosis as a cause. Of the 81 patients, 75 had a percutaneous endovascular intervention, of which only 9 were successful. Four patients had surgery, of which all were successful. In two patients, a decision was made to abandon the access without intervention. Therefore, 13 of 81 interventions returned or maintained functional patency of the access.
Baseline demographics and comorbid variables of patients who developed loss of the primary functional patency of the AVF were compared with patients without AVF failure in Table  1 . Patients with primary functional patency failure were significantly more likely to have a current comorbid diagnosis of diabetes, hypertension, peripheral vascular disease, or smoking and were more likely to have a forearm fistula. Additionally, patients with primary functional patency failure were significantly older. Most importantly, the initial IABF was lower in those who subsequently developed primary functional patency failure. No differences in gender, ethnicity, underlying primary kidney disease, use of medications, surgeons, or location of the access were demonstrated between those with and without primary functional patency failure (Table 1) . more likely to experience primary functional patency failure; smokers were 3.7 times more likely; those with forearm fistulas were 3.3 times more likely; and those older than 65 and those with a history of diabetes, hypertension, or peripheral vascular disease were 2.4 to 2.5 times more likely to experience primary functional patency failure from any cause as those without these characteristics ( Table 2 ). The RRs based on gender, ethnicity, medications, or AVF location were NS (data not shown).
Multivariable Modeling
A stepwise logistic modeling procedure was used. The only variables chosen for inclusion in the multivariable logistic regression analysis were those found in the univariate analysis to be significantly correlated with loss of primary functional patency. Variables that met this criterion were age (Ն65 years); presence of diabetes, hypertension, and peripheral vascular disease; history of smoking; having a forearm AVF; and having an initial IABF Ͻ500 ml/min. Gender was NS in this analysis (P ϭ 0.5); however, in other research, being female has been associated with a higher incidence of loss of primary functional patency, hypothesized to be due to smaller vascular structures in women (11) . Therefore, gender was included in the multiple regression models despite its lack of statistical significance in the univariate analysis. A stratified analysis using the MantelHaenszel test did not indicate that any variable acted as a confounder or effect modifier of the association between loss of primary functional patency and initial IABF, the variable identified as having the highest RR.
At the multivariable modeling stage of the analysis, assessment for interaction was done. All possible pairwise interactions were tested and none were found to be statistically significant. Higher order (three-way) interaction terms (e.g., gender by age by diabetes mellitus) were not considered. 
Final Model
The analysis yielded a model that included age, history of diabetes, history of smoking, anatomical location, and initial IABF dichotomized at 500 ml/min. Hypertension and peripheral vascular disease, although significant with regard to RR, were NS in this analysis; gender was also NS. Assessment of the model fit using the Hosmer-Lemeshow goodness of fit test yielded high P values (c ϭ 14.80, P ϭ 0.19). This model was found to have excellent discrimination as determined by the area under the receiver operator characteristics curve of 0.93 (Figure 1) . The final regression model demonstrates that all selected variables remain statistically significant (Table 3) . Significant odds of experiencing vascular access failure occurred in those patients with initial IABF of Ͻ500 ml/min (odds ratio [OR] ϭ 29 and 95% confidence interval [CI] 15 to 52), adjusting for all other covariates. A history of smoking, being older than 65, having a forearm fistula, and a history of diabetes produced significant ORs between 4.3 and 2.3 (Table 3) , adjusting for all of the other covariates. In our cohort, the baseline probability of access failure was 0.2% (IABF Ͼ 500 ml/min, younger than 65 years of age, nonsmoker, no diabetes, and with upper arm fistula).
Discussion
Vascular access failure remains a frequent cause of costly morbidity in patients receiving chronic hemodialysis. Investigation of determinants of vascular access failure in AVF patients will have direct implications for patient care. First, it will allow us to potentially identify subgroups of patients at higher risk of vascular access failure and to consider modifying surveillance of fistulas accordingly. Given that there is a subgroup of patients at high risk, efforts need to be directed toward finding ways for early prediction and prevention of vascular access failure in these patients. Second, increased surveillance of high-risk patients may identify patients that should undergo early fistula rescue therapy with balloon angioplasty to prevent total vascular access failure. Third, a modification of surveillance systems according to risk group may result in cost savings for the healthcare system. This study retrospectively analyzed 831 patients with functional AVFs, which had successfully matured and were used for dialysis, to determine risk factors for subsequent loss of primary functional patency within 6 months after first use. Because the main objective of the study was to investigate fistulas that failed after maturation and to explore reasons associated with these failures, patients that required intervention (surgical or percutaneous endovascular) to achieve maturation were specifically excluded. The mean duration of 70 days between access creation and first use suggests that subsequent problems with loss of primary functional patency were not as a result of low flow from early use of a nonmature access. In contrast to a previously reported primary failure rate of 33% (12), our failure rate was only 10%, similar to that reported by Korten et al. (13) .
The results demonstrated that the initial IABF was a powerful predictor of vascular access failure. Even without any additional risk factors, patients with an initial IABF of Ͻ500 ml/min had a high RR (RR ϭ 16) of subsequent vascular access failure. Therefore, these results support that these patients should be routinely monitored. Additionally, the study identi- fied other risk factors for vascular access failure in patients with AVFs: age Ն65 years, history of smoking or diabetes, and AVF located in the forearm. It is important to note that our study had a relatively short follow-up of 6 months. Given the strong association of initial IABF with loss of primary functional patency at 6 months, it is reasonable to assume, but cannot be concluded from our study, that this is likely to be a risk factor beyond 6 months. Further research is needed to confirm this hypothesis.
In contrast to previous studies (8,14 -16) , in which no significant difference was noticed between patient age and risk of loss of primary patency, our results indicated that age Ͼ65 years was a risk factor for the vascular access failure. Our results are similar to those of Windus et al. (16) and Huijbregts et al. (17) and suggest that patients who start hemodialysis therapy after 65 years of age need special increased surveillance to maintain their vascular access patency.
Smoking history has been examined in a few studies of vascular access morbidity with inconsistent results (15, 18, 19) . Previous peripheral vascular damage in former and active smokers may lead to acute access thrombosis, which may partially explain the inconsistency in results. In this study, smoking resulted in an OR of 4.3, again identifying smokers as a group of patients who should have routine vascular access monitoring. Similarly, our study confirmed previous findings that diabetic patients are at risk for increased primary failure rates (12) and reduced primary patency rates (20) .
In our study, forearm fistulas were at greater risk of loss of primary functional patency compared with those located in the upper arm. The smaller size of the vessels at this location may play a role in the difference noted; Poiseuille's law (Q Ϫ r 4 ) physiologically supports the presence of lower IABF in the forearm location. In upper arm fistulas, the diameter of the vessels is expected to be bigger than in the forearm, and more significant roles for systemic aspects such as cardiac output and blood pressure can be expected (13, 21) .
An association of female sex with a greater risk for accessrelated failure has been reported in two large studies (1, 22) , although neither study investigated the results by access type. In contrast, our study did not show a significant association between sex and the risk of AVF failure, even after adjusting for age, presence of diabetes mellitus, hypertension, history of peripheral vascular disease, smoking history, and type of procedure. These results are similar to those of another study that found no significant differences in access survival between 80 men and 43 women on hemodialysis therapy with a first AVF (23) . It has been suggested that differences in vessel diameter may account for the increased access-related morbidity experienced by women (1). Consistent with this notion, it was found that arterial size was a significant predictor of subsequent AVF survival (17) , although gender was not (18) , and that vessel size predicted fistula failure in the first 3 months after surgery (24) . Our study did not have data on baseline vessel diameter or size.
In conclusion, current guidelines aimed to prevent vascular access failure are resource-intensive and are based on ongoing surveillance of all patients with evidence of vascular access dysfunction who receive early intervention. The results of our study offer novel findings and a more directed approach to surveillance techniques. Specifically, we have identified a set of patient risk factors (age), clinical risk factors (diabetes, smoking history), and vascular access characteristics (anatomical location, low initial IABF) that identify patients who are most at risk for developing vascular access failure. Of these, low initial IABF is the most significant. These risk factors can be used to guide a more directed approach for a vascular access screening protocol. Further work is required to confirm these initial findings and to translate this work into meaningful clinical practice. 
